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@ Antksense regulation of plant gene expressioa 

@ Reoombinant DMA comprises promoter and 
terminator base sequences respectively up- 
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sequence complementary to a substantial sequ- 
ence of bases in polygatacturonase mRNA. The 
antisense mRNA produced thereby delays sof- 
tening of fruit, in particular tomatoes. 
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This invention relates to DNA: and to vectors and plant cells containing such DMA, and to plants composed 
of such cells. In one aspect, the invention relates to flowering and fruiting plants, for example tomatoes, and 
to such plants having usefully altered ripening properties. 

It has been shown that tomato ripening is a process involving the activation of specific genes (D. Grierson, 
5 1 985, CRC Critical Reviews in Plant Sciences 3^ 11 3-1 32). The fsatures of many of these genes have not been 
defined. However, one such gene has been shown to produce polygalacturonase (PG), the enzyme primarily 
responsible for degrading the ceD wall. The synthesis of PG begins in tomatoes during early stages of ripening, 
and reaches a maximum at the soft red stage. This increase is paralleled closely by an increase in PG mRNA 
(Grierson et al, 1985, Ranta 163, pp. 283-271). 
10 ViEulous Investigations, including enzyme analysis, indicate that the PG gene, in tomatoes, is only ex- 
pressed in ripening fruit (Maunders et al, 1986, in press) and in flower abdssion zones. 

A hitherto unpublished paper of vvhich the present inventors are authors (Grierson et al, 1986, Nudeic Acid 
Reviews, 14 p 8595-8603) describes the preparation of cDNA from PG mRNA, and discloses in particular 
pT0M6, a plasmid containing substantiaay all (all but thef irst20 bases) of the cDNA sequence complementary 
f 5 (0 the mRNA that is generated in the ripening tomato and that is translated into PG. 

We now propose to regulate the expression of the PG gene in flowering and fruiting plants (such as tom- 
atoes) by generating antisense RNA to PG sequences in such fruit Such RNA hinders the expression of the 
PG mRNA, probably by forming therewith a double-stranded complex. 

It has previously been proposed to regulate gene expression in both prokaryotes and eukaryotes by gen- 
20 erating antisense RNA therein; and such proposals have Included higher plants (Ecker et al. 1 986, PNAS 83, 
pp. 5372-5376). However, we are aware of no prior proposals for using antisense RNA corresponding to a natu- 
ral plant gene to control plant biochemistry or development 

According to the present invention we provide recombinant DNA comprising an upstream promoter base 
sequence, a base sequence for transcrfptldn into mRNA under control of said upstream promoter base se- 
25 quence, and a downstream trar^cription terminator base sequence, characterised in that the base sequence 
for transcription comprises an inverted sequence of bases complementary to a substantial run of bases in 
mRNAs encoding fruit softening enzymes. 

Examples of fruit softening enzymes are polygalacturonase and pectin methylesterase. 

We further provide vectors containing such DNA; method of making such vectors by cloning of the desired 
30 base sequence for transcription in the appropriate orientation into an existing vector containing the desired 
promoter and terminator base sequences; plant ceils containing such DNA, as well as plants (in particular tonv 
atoes) constituted of such plant cells. 

DNA according to the Invention preferably comprises a base sequence for transcriptbn at least 50 bases 
in length. There is no theor^icai upper limit to the base sequence - it may be as long as the relevant mRNA 
35 produced by the ceD - but for convenience it will generally be found suitable to use sequences between 100 
and 1000 bases in length. 

The invention will be further described with reference to the drawings, in which : 
Figure 1 gives the base sequence for the polygalacturonase cDNAdone pT0M6; 
Figure 2 shows schematically the fragments of pTOM6 and of the tomato polygalacturonase gene done 
40 gT0M23 used In the following Examples and Experiments; 

Figure 3 gives the t>ase sequence for the pectin esterase cDNAdone pPEI. 

A very convenient source of DNA for use as the base sequence for transcription is provided by DNA that 
gives rise to polygalacturonase mRNA. 

The required antisense DNA can be obtained by cutting with restriction enzymes an appropriate sequence 
45 of such (mRNA-pdygalacturonase produdng) DNA; and then doning the cut DNA into a vector containing up- 
stream promoter and downstream terminator sequences, the doning being so carried out that the cut DNA 
sequence is inverted with respect to its orientation in the strand firom which it was cut 

In the new vector, the strand that was formerly the template strand becomes the coding strand, and vice 
versa. The new vector will thus produce RNA in a base sequence which is complementary to the sequence of 
50 polygalacturonase mRNA Thus, the two RNA strands are complementary not only in their base sequence but 
also in their orientations (5' to 3'). 

As source of the pd^atacturonase DNA base sequence for transcription, it is convenient to use a cDNA 
done such as pTOM6. The base sequence of pTOMB is set out in Figure 1 . A cDNA done such as pT0M6 may 
be obtained firom the mRNA of ripening tomatoes by the method described by Slater et al, Plant Molecular Biol- 
55 ogy 5, 137-147. in this way may be obtained sequences coding for the whole, or substantially the whole, of 
the mRNAthat is translated into PG. Suitable lengths of the cDNAso obtained may be cut out for use by means 
of restriction enzymes. 

An alternative source of DNA for the base sequence for transcription is the PG gene. It differs from that 
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in the cDNA of. eg. pTOM6, in ttiat introns are present The introns are not transcribed into mRNA (or, if so 
transcribed, are subsequently cut out). TTte major part of the PG gene has been deposited as gTOM23 with 
the National Collections of Industrial and Marine Bacteria, Aberdeen, under Accession No. 12373. When using 
the PG gene as the source of the base sequence for transcription it is preferred to use primarOy exon regions. 

5 A further way of obtaining a suitable DNA base sequence for transcription is to synthesise itab initio firom 
the appropriate bases, for example using Figure 1 as a guide. 

Recombinant DNA and vectors according to the present invention may be made as follows. Asuitable vec- 
tor containing the desired base sequence for transcriptbn (for example pTOM6) is treated with a restriction 
enzyme to cut the sequence out The DNA strand so obtained is cloned (in reverse orientation) into a second 

10 vector containing the desired promoter sequence (for example CAMV 35S or the PG gene promoter sequence) 
and the desired terminator sequence (for example the 3' end of the nopaline synthase gene, the nos 3' end). 

It is often preferred, in applying the invention, to use the promoter of the PG gene. Use of this promoter, 
at least in tomatoes, has the advantage that the productbn of antisense RNA is under the control of the same 
system that oontrois PG mRNA. Thus whatever factore tend to produce the latter wfll tend at the same time to 

15 producetheformertointerfere with it 

Vectors according to the invention may be used to transform plants as desired, to make plants according 
to the invention. Dicotylodenous plants, such as the tomato, may be transformed by Ti plasmid technology, 
fDr example as described by Bevan (1984) Nudeic Acids Researoh, 12^ 8711-8721. 
Such transformed plants may t>e reproduced sexually, or by cell culture. 

20 The degree of production of antisense RNA in the plant cells can be controlled by suitat>le choice of pro- 
moter sequences, or by selecting the number of copies, or the site of integration, of the DNA sequences ac- 
cording to the invention that are introduced into the plant genome. In this way, for example, it may prove pos- 
sible to delay softening of tomatoes for a greater or lesser period after ripening. 

The following Examples and Experiments iBustrate the invention and how to carry it out Examples relate 

25 to the manufacture of vectors according to the Invention: 

Experiments relate to preparation of starting nr^aterials. All cloning procedures are performed under standard 
conditions as described by Maniatis et al (1982) "Molecular Cloning", Cold Spring Harbor Laboratory. Vectors 
for which an NCIB Accession number are gh/en have been deposited at the National Collections of Industrial 
and Marine Bacteria, Torry Research Station, PO Box 31, 135 Abbey Road, Aberdeen AB9 8DG, Scotland. 

30 

EXPERIMENT 1 

Construction of the plasmid pPH1 

35 A Isolation of the nos 3' end 

10 ug of pWRECK2-CAMV-CAT-1 (NCIB Accession No. 12352) is digested with Pvul in order to linearise 
the DNA, under conditions recommended by the manufecturer. The completeness of digestion is analysed by 
running an aliquot of the reaction of 0.8% agarose gels. The reaction is stopped by extraction with phe- 
nol/chloroform. DNA is preclpitatBd with ethanol and dried under vacuum. The cohesive ends are removed by 

40 incubation of the linearised DNA with T4 polymerase at 37''C for 30 minutes. The enzyme is inactivated by 
incubation at eS'^Cfor 15 minutes. The reaction volume is increased by the addition of Hindlll buffer and Hindlll 
enzyme is added. The reaction is carried out for 2 houre at 37^C. The 250 bp Pvul/Hindlll fragment is isolated 
from agarose gels by electnoelution. DNA is phenol/chkMoform extaacted, predpitated with ethanol and resus- 
pended in water. 

45 B. Linearisation of pUC18. 

2 ug of pUC18 (plasmid commercially available eg. from Amersham) DNA is digested with Sphi under con- 
ditions recommended by the manufacturer. The reaction Is stopped by extraction with phenol/chloroform. Co> 
hesive ends are removed by treatment with T4 polymerase for 30 minutes at 37®C. The buffer volume is in- 
creased, and Hindlll is added. The mixture is incubated for 2 hours at 37''C. The reaction is stopped by extrac- 

so Uon with phenol/chlorofbrm. DNA is precipitated with ethanol and resuspended In water at 100 ng/ml. 

C. Cloning of nos. 3' end into pUCI 8 to give pNOSI . 

1 ul of pUC18 prepared under (B) is ligated with 100 ng of nos 3' end prepared under (A) In a total of 15 
ul in the presence of T4 ligase. lncuk>ation is carried out for 24 hours at le^'C. An aliquot of the ligation is trans- 
formed into competent TG2 ceils. An aliquot of the trensforntation mix is plated onto ampictllin and Xgal con- 
ss taining plates. Clear plaques ere picked, and the DNA examined by restriction analysis. Molecules containing 
the nos 3' end are characterised by the presence of a 260 base pair HindlliyBamHl fragment These plasmids 
are called pNOSI. 

D. Preparation of the CaMV 35S promoter 
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The CaMVpromoteris obtained by digestion of pWREC^ (NaBAccessionNa 12352) with 

Seal for 2 hours at 37*^. An aliquot of the restrictbn digest is analysed by electrophoresis on agarose gels. 
The reaction is stopped by extraction with phenol/chloroform. After ethanoi precipitation and resuspension in 
water, the DMA is cut with Hph1 for 2 hours at 37"^^. The cohesive ends are removed by treatn^nt with T4 
5 polymerase under standard conditions. The CaMV promoter 629 base pair fragment is isolated by agarose gel 
electrophoresis and sufcisequent electroelution. 

E. Linearisation of pNOSI 

2 ug of pNOSI is cut with Ssti at 37''C for 2 hours. After completion of the reaction, T4 polymerase is 
added in order to remove the cohesive ends. The reaction is stopped by extraction with phenol/cMoroform. 
10 Then DMA is prsdpitated with ethanoi and resuspended in water at 100 ng/ul. 

F. Cloning of CaMV 35S promoter into pNOSI 

pN0S1 prepared as under (E) Is ligated to CaMV 35 pronwter fragment prepared under P) under standard 
oondftlons using T4 ligase. The reaction is carried out for 24 hours at ^&'C. An aliquot of the ligation mixture 
is transformed into competent TG2 oelle, and plated onto ampidlin containing Xga1 plates. DMA is isolated 
IS from transformants and analysed by restriction with Ned and Hindlll. Molecules containing the CaMV 35S pro- 
nwter In the correct orientation are characterised by the presence of a 920 base pair fragment These plasmlds 
are called pPHI. 

EXPERIMEhfT 2 : Preparation of Plasmid pCB1 

20 

A. Isolation of a PG pronK)ter fragment 

Genomic dones are Isolated from a partial Sau3A library of Ailsa Craig tomato DNA doned into EMBL3 
(Bird et al, in preparation). PG dones are isolated from the genomic library by screening wit h both the complete 
pTOM6 cDNA Insert and the Isolated 5' Pstl/Hindlll fragment from pTOM6 (Grierson et al, NAR 1 966). Several 
25 overlapping dones are isolated and the transcription start site of the PG gene located by Si mapping experi- 
ments (Bird et al in preparation 1987). The PG promoter can be located on a 1.6 Kb Hindlll fragment which 
also contains part of the PG coding information. 

B. Insertion of a Spel site into the PG promoter 

In order to be able to manipulate the PG promoter sequence conveniently (ie. the DNA 5^ to the transcrip- 
30 tion start) a Spel site is introduced by site directed mutagenesis using standard protocols. The Hindlll fragment 
is isolated from genomic done gTOM23 (NCIB Accession No. 12373), and doned into the Hindlll site of (com- 
merdally available vector) M13 mp19. After annealing with a suitable mismatch primer and extension using 
DNA pdymerase, the mbdure is transformed Into competent TG2 cells. Phages are plated and duplicated filters 
were prepared for hybridisation to the labelled mismatch primer. Putathm dones are identffled by hybridisation 
35 under increasingly stringent conditions, isolated and the generation of the Spel site is determined by direct 
DNAsequence analysis. The promoterfragment is isolated from one isolate by restriction with Spel and Hindlll. 
This fragment is then doned into pUC19 (commercially available plasmid) cut with Hindlll and Xbal. The pro- 
moter fragment Is then transferred Into Bin19 (Sevan, Nudeic Acid Research, 1984, 12, 8711-8721) cut with 
BamHI and HIndllL This plasmid Is called pCBI. 

40 

EXPERIMENT 3 : Preparation of Rasmid pPH2 

A. Isolation of the PG promoterfragment from pCBI 

5 ug of pCBI (prepared as In Experiment 2) is cut with Hindlll for 2 houre at 37**C. The mixture Is phe- 
45 nd/chioraform extracted and DNA predpitated with ethanoi. After re-suspension in water the cohesive ends 
are filled in using DNA polymerase under standard conditbns at room temperature for 15 minutes. The poly- 
merase is Inactivated by heating to BSKi for 15 minutes. The DNA is then treated with BamHI fbr 2 houre at 
37°C. The PG promoter fragment is then by elecboelution isolated by agarose gel electrophoresis as a Hin- 
dlll/BamH1 1 .45 Kb fragment 
so B. Preparation of pPHI for insertion of the PG promoter fragment 

5 ug of pPHI (prepared as in Experiment 1 ) is cut with Ncol for 2 hours at 37"^ under standard conditions. 
The DNA is purified tyy phenol/chloroform extraction. The cohesive ends are filled in using DNA polymerase 
1 Klenov fragment for 15 minutes at room temperature. The volume is increased and BamHI added. The mixture 
is incubated for 2 houre at 37''C. The mixture is then separated on agarose gels, and the large fragment of 
ss approximately 3 Kb isolated by electroelution. 

C. Cloning of the PG promoter Into the large fragment from pPHI . 

lOugofpPHI prepared as in Experiment 1 isligatedwith the PGpromoterfragmentas prepared inAunder 
standard conditions for 24 houre at 1 6^C. An aliquot of the ligat ton mixture is used to transform competent TG2 
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cells. Aliquots of the transformation mixture are plated onto L plates containing ampicOlin and Xga1. Colonies 
are picked and examined for tiie presence of tlie PG promoter DMA by electroptioresis to detect an increase 
in the size of the vector and direct Dl^ sequence determination. This plasmid is called pPI-12. 

5 EXAMPUE 1 : Preparation of Plasmids pJRIO and pJRII 

A Preparation of the antisense DMA 

A 730 base pair IHinfl fragment covering the 5' untranslated region, the putative leader sequence, and a 
substantial portion of the PG coding region is isolated from pTOM6. 5 ug pT0M6 is restricted with Hindi for 
10 2 houre at 37*^0. The reaction is stopped by extraction with phend/chloroform, and ethand predpitated. Co- 
hesive ends are removed by treatment wit h T4 polymerase under standard conditions. DNA is purified by phe- 
nol/chloroform extraction and ethanol precipitation. 
B. Cloning of the antisense DNA into pPH1 

The DNA fragment as isolated in Example 1 Ji is cloned into the Smal sita of pJR1 . pPHI DNA is restricted 
IS with Smal under standard conditions for 2 hours at 37*'C. After incubation for 2 hours bacterial alkaline phos- 
phatase is added in order to prevent self-ligatton of pPHI during subsequent cloning steps. The reactton is 
stopped by extract k>n with phenol/chlorefbrm. DNA is precipitated and resuspended in water. An aliquot of the 
DNA (pPHI) is ligated under standard conditions to Sma1 cut pPHI. Aliquots of the ligation mixture are trans- 
formed into competent TG2 cells, and plated onto ampk»llin containing plates. Recombinants are analysed by 
20 restriction digestton with Hindlll. Both antisense (pPHIO) and "sense" (pPH11) constructs are isolated. 

EXAMPLE 2 : Preparatton of Plasmkis pPH20 and pPH21 

A. Cloning of the antisense DNA into pPH2 
25 DNA as isolated in Example 1A is doned into pPH2 cut with Hindi. The plasmid containing the PG se- 
quence in the antisense orientatton is called pPH20, the plasmid containing the PG DNA in the sense orien- 
tatk>n is called pPH21. 

EXAMPLE 3 : Transformatton of Tomato Rants 

30 

Transformatk>n of tomato plants is achieved using a modifrcation of the leaf disc transformation protocol 
published by Bevan et al, EMBO Journal 4, 1921-1926, 1985. Transformed tomato plants are analysed for the 
presence of the antisense constructs by Southern hybridisatton to genomk: DNA Expresston of sense and 
antisense RNA is rmnitored by dot t>k>t and Northern hytnidisattons. Firmness of the firuit is investigated using 
35 general physk>logical methods. The presence of antisense PG constructs in the cells of the ripening tomatoes 
is associated with firmness in the tomato being maintained for a longer period. 

There follows a second series of Examples and Experiments which have been carried out according to 
the sanoe general scheme. 

40 EXPERIMENT 11 

Contructton of the plasmid pJR1 

A. Isolatton of the nos. 3' end. 

45 This was carried out according to the method of Experiment 1 above. 

B. Removal of the CaMV 3' end from pDH51 

2 pg of pDHSI (Pietrzak et al. (1986) Nudeic Adds Research 14. 5857-5868) was digested with SphI at 
37''C for 2 houre under standard conditions. Tlie reaction was stopped by.extractton with phenol/chloroform. 
DNA was precipitated with ethanol and resuspended in water. Cohesive ends were removed by treatment with 
50 T4 polymerase for 30 minutes at 37''C. The buffer volume was increased, and Hindlll was added. The mixture 
was incubated for 2 hours at 37°C. The resulting 3.2 Kb fragment was isolated after gel electrophoresis on 
agarose gels by electroelutton. TTie DNA was extrac^d with phend and chkmform, predpitated with ethanol 
and resuspended in water. 

C. Cloning of nos 3' end into pDH51 to give pJRI 

ss 1 ^1 of pDH51 prepared under (B) was ligated with 100 ng of nos 3' end prepared under (A) in a total of 
15 pi in the presence of T4 llgase. Incubation was carried out for 24 hours in 16*t^. An aliqot of the ligation 
was transformed into competent TG2 cells. An alk^uot of the transformation mix was plated onto ampidllin and 
Xgal containing L-plates. White cdonies were picked, and the DNA examined by restrictton analysis. Mde- 
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odes containing the nos 3' end were characterised by the presence of a 260 base pair Hindlll - BamHI fragment 
These plasmids were caDed pJRI . 



EXPERIMEIMT12 

5 

Construction of plasmids pDHCI and pDHC4. 

A. Isolation of a 730 bp Hinfl fragment from pT0M6 

5 \iQ pT0M6 (NCIB accession No. 12351) was treated with Hinfl for 2 hours at 37^ under standard oon- 
10 ditions. The 730 bp Hinfl fragment (Figure 3) was isolated after separation on agarose gels. The cohesive ends 
of this fragment were fitted in with DNA polymerase Klenov fragment A. The DNA was phenol extracted and 
ethand precipitated. 

B. Linearisation of pDH51 

1 |ig pDH51 was treated with Smal for 2 hours at 37**C under standard conditions. The reactton was stop- 
15 ped by phenol extraction. The linearised vector was then precipitated with ethand, washed and resuspended 
in water. 

C. Cloning of the pT0M6 Hinfl fragment into pDH51 

The isolated Hinfl fragntentfrom pTOM6 (A) and the linearised vector (B) were ilgated overnight under stan- 
dard conditions. The ligation mbc was used to transform competent TG2 cells: TTie transformation mbc was plat- 
20 ed onto ampictllirv-containing plates. Clones were selected, DNA isdated and analysed by digestion with BamHI 
and Hindlll restriction enzymes. Plasmids were identified, and were named pDHCI and pDHC4. pDHC1 con- 
tains the Hinfl fragment in the antisense orientation; pDHC4 contains the Hinfl fragnoent in the sense orienta- 
tion. 

25 EXPERIMENT 13 

Construction of plasmid pCB1. 

A. Isolation of a PG promoter fragment 

30 This was carr»d out as described in Experiment 2A above. 

B. Insertion of a Spe1 site into the PG promoter flagment 

This was carried out as described in Experiment 2B above. The resulting plasmid was called pCBI. 
EXPERIMENT 14 

35 

Construction of plasmid pJR2 

A. Isolation of the PG pronwter fragment from pCBI. 
This was carried out as described in Experiment 3A 
40 B. Preparation of pJRI for Insertion of the PG promoter fragment 

5 |ig of pJRI (constructed in Experiment 11) was cut with Ncol for 2 hours at 37''C under standard condi- 
tions. The DNA was purified by extraction with phenol and chloroform. The cohesive ends were filled in using 
DNApolynterasel lOenowfragrnentAfor 15rnlnutesatroomteniperature.Thevol^ and Bam- 

HI added. The mixture was Incubated for 2 hours at 37**C. Tfie mixture was then firactionated on agarose gels, 
45 and the large fragment of approximately 3kb isolated t>yelectroelution. 

C. Cloning of the PG promoter into the large fragment from pJRI. 

pJR1 prepared as in B above was Ilgated with the PG promoter fragment prepared in A under standard 
conditions for 24 hours at 16^C. An aliquot of the ligation mixture was used to transform competent TG2 celts. 
Allquots of the transformation mixture were plated onto L plates containing amplclllln and Xgal . Colonies were 
so picked and examined for the presence of the PG pronrater DNA by electrophoresis on agarose gels in order 
to detect an increase in the size of the vector and by direct DNA sequence determination. Plasmids containing 
the PG promoter were called pJR2. 

CONSTRUCnON OF ANTISENSE AND SENSE PG VECTORS 

55 

A series of antisense and sense (control) vectors containing different portions of the PG cDNA and PG 
gene were consfructed for use in regenerating transgenic plants. The vectors produced are summarised in Ta- 
ble 1. The vectors consfructed are based on pJRI and pJR2. DNA fragments have been inserted into these 
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vectors both into the antisense (A) and sense (B) orientations. Expression cassettes contained in these vectors 
were then transferred to Bin19 (Bevan (1984) Nudeic Adds Research, 12. 8711-8721) for transformation of 
tomato plants. 



TABLE 1 



10 



Vectors 
based on 



Name of antisense 
vector 



Name of 

sense 

vector 



PG fragment 
(see Figure 2) 



pJRl 



IS 



20 



pJR2 



pJRlGA 
pJR36A 
pJR56A 
PJR76A 

pJR26A 
pJR46A 
pJR66A 
pJR86A 



pJR16S 
pJR36S 
pJR56S 
pJR76S 

pJR26S 
pJR46S 
pJR66S 
pJR86S 



740 bp Hinfl 
fragment a 
fragment b 
fragment c 

740 bp Hinfl 
fragment a 
fragment b 
fragment c 



EXAMPI^ 10 



30 Construction of PG antisense vectors pJR16A and pJRISS 
PJR16A 

A. isolation of a 740 bp PG antisense fragment 

35 5 g pDI-ICI was cut with ICpnl and PstI at 37"^ for 2 hours under standard conditions. The 740 bp Kpni - 
fragment was isolated after agarose gel electrophoresis by electroelutlon. The fragment was extracted with 
phenol and chloroform and ethand precipitated. The fragment was then resuspended In 10 |il TE. 

B. Preparation of pJRI 

1 1ig pJRI (from Experiment 14) was cut with Kpnl and PstI at 37*'C for 2 hours. The reaction was stopped 
40 by extraction with phenol and chloroform. The DNA was precipitated with ethand, washed and dried. The vec- 
tor was resuspended in 20 |il TE. 

C. Ligation of the PG antisense fragment and pJRI 

The products of (A) and (B) above vvere itgated at lO^Cfor 24 hours under standard conditions. The ligation 
was used to transform comp^nt TG2 cells and the mixture was plated onto ampidllin-oontalning plates to 
45 select transformed cells. Single colonies were grown up to prepare plasmid DNA. The DNA was analysed for 
the presence of 500 bp Hindlll fragment A done containing this fragment was identified and called pJR16A. 



pJRieS 



50 D. Isolation of a 740 bp PG sense fragment 

5 g pDHC4 was cut with Kpnl and PstI at 37X for 2 houre under standard conditions. The 740 bp fragment 
produced was isolated after agarose gel electrophoresis by electroelution. The firagnmit was extracted with 
phenol and chloroform and precipitated with ethand. The fragment was then suspended in 10 pi TE. 
F. Ugation of the PG sense fragment to pJR1 
55 The products of (D) were ligated at 1 6"^ for 24 hours under standard conditions. The ligation mix was used 
to transform competent TG2 ceils and the mixture was plated onto ampicfllin containing plates. Single colonies 
were grown up to prepare plasmid DNA. The DNA was analysed for the presence of a 900 bp Hindlll fragment 
A suitable done was identified and called pJRIGS. 
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EXAMPLE 11 

Transfer of pJR16A and pJR16StoBin 19 

5 A. Isolation of the 1 600 bp expression cassettes 

pJRI 6A and pJR16S were cut with EooRI at 37«C for 2 hours under standard conditions. An aliquot of the 
reaction mixture was separated by agarose gel elecbt)phoresls to check that the reaction had gone to com- 
pletion. It was then heated to 65*^0 for 15 minutes in order to inactivate the enzyme. The DNA was then cut 
partially with a small anKHjntof Hindlll in order to give all the possible EcoRI/Hindlll partial digestion fragments. 

10 The EcoRi - Hindlll fragment of approximately 1600 bp consisting of the 35S CaMV pronwter, the PG Insert 
sequences and Nos 3' end (expression cassette) was isolated after agarose gel electrophoresis by electroe- 
lution. The fragment was extracted with phenol and cMorofbrm. and precipitated with ^hanol. The fragment 
was washed, dried and resuspended in 10 pi TE. 

B. Preparation of Bin19 for cloning 

IS 5 g Bin19 DNA was cut wfth EooRI and Hindlll at 37^C for 2 hours under standard conditions. The reaction 
was stopped by phenol and chloroform extraction, and DNA was precipitated with ethanol. The vector prepared 
in this fashion was resuspended in 20 pi. 

C. Ligation of Bln19 to PG expression cassettes 

The products of (A) and (B) were set up for ligation. Aliquots of the PG antisense and sense cassettes 
20 were ligated to Bin19 at 16^Cfor 24 hours under standard conditions. The ligation mixes were used to transform 
competent TG2 cells which were plated on Lagar containing Kanamydn and Xgal . Recombinant colonies were 
identified by their white colour. A number of these were picked from each ligation reaction and used to prepare 
plasnud DNA. The DNA was analysed for the relevant restriction pattern by cutting with EcoRI and Hindlll. 

25 EXAMPLE 12 

Constructton of PG antisense vectore pJR26A and pJR26S 

PJR26A 

30 

A. lsolatk)n of a 740 bp PG antisense fragment 

5 g pDHCI were cut with Kpnl at 37*'C for 2 hours under standard conditk>ns. The cohesive ends of the 
molecule were filled in with T4 DNA polymerase under standard condittons. The reactton was stopped by heat- 
ing at 6S^C for 1 5 minutes. The DNA was then also cut wit h Pstl at 37«C for 2 houre under standard conditions. 
35 The resulting 740 bp Kpnl (blunt) - PstI fragment was isolated after agarose gel electrophoresis by eledroe- 
lution. The fragment was extracted with phenol and chloroform, and precipitated with ethanol. The fragment 
was then resuspended in 10 |il TE. 

B. Preparation of pJR2 

1 g pJR2 (from Experfmerrt 14) was cutvyith Hindi and PstI at 37'<:for2 houre under standard conditions. 
40 The reaction was terminated by extraction with phenol aruJ chk>roform and precipitated with ethanol. The puri- 
fied vector was resuspended in 20 pi TE. 

C. Ligatton of PG fragments to pJR2 

The products of (A) and (B) above were ligated at 1&*Cfor24 hours under standard oondittons. The ligation 
mix was used to trar^orm competent TG2 cells. The transformatton mix was plated onto ampicilin-containing 
45 plates and incubated at 37"^ overnight Transformed colonies were grown up and plasmid DNA was prepared 
for analysis. Ack>ne was Mentif led which contained a 2 Kb EcoRI - Hindlll insert TTiis done was called pJR26A 

pJR26S 

50 D. Isolation of the 740 bp PG fragment 

5 pg pDHC4 were cut with Kpnl at 37^ for 2 houre under standard condittons. The cohesive ends of the 
DNA were f Hied in with T4 DNA polymerase. The reactton was stopped by heating to 65X for 15 minutes. The 
DNA was then also cut with P^. The resulting 740 bp fragment was isdated after agarose gel electrophoresis 
by eiecferoelution. The fragment was extracted with phenol and chloroform and predpitated with ethand. It was 
55 then resuspended in 10 pi TE. 

E. Ligation of the PG sense fragment to pJR2 

The products of (B) and (D) above were ligated at lO^Cfor 24 houre under standard conditbns. The ligation 
mix was used to transform competent TG2 cells, plated onto ampidllin containing plates and incubated at 37^*0 
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overnight Transformed single colonies were grom up and plasmid DNAwas prepared. The DNA was analysed 
for the presence of a 1 .6 Kb EcoRI - Hindlll fragment A done was identified and called pJR26S. 

EXAMPLE 13 

5 

Transfer of pJR26A and pJR2eS to Bin19 

A procedure essentially the same as described above in Example 11 was used to subclone the Z6 Kb 
EooRI - Hindlll partial fragments from pJR26A and pJR26S into Bln19 cut with EcoRI and Hindlll. Recombi- 
10 nants were identified by their white colour reaction after plating onto L-agar plates containing kanamycin and 
Xgal. Recombinants were characterised by restriction digestion with EcoRI and Hindlll. 

EXAMPLE 14 

15 Construction of vectors pJR36A, pJR36S (fragment a) and pJR4GA and pJR46S (firagment b) 

A. Isolation of fragn^nts (a) and (b) 

5 |ig pDHC4 (from Experiment 1 2) was cut with Kpnl and BamHI at dZ'C for 2 hours under standard cor>- 
ditions. The 500 bp fragment was isolated after agarose gel electrophoresis by eiectroelution, extracted with 
20 phenol, chloroform and resuspended in 20 1 TE. The Kpnl - BamHI fragment was then cut wfth Hindlll. The 
cohesive erKte of the fragment were filled with T4 DNA polymerase. The resulting fragments: a) 1 99 bp Hindlll 
- Kpnl (blunt ended) and b) 275 bp Hindlll - BamHI (blunt ended) were isolated after agarose gel electrophoresis 
by eledroelution, extracted wfth phenol and chloroform, and resuspended in 10 1 TE. 

B. Preparation of pJRI 

25 1 )ig pJRI (from Experiment 11) was cut with Smal at 37^ for 2 hours under standard conditions. The 
reaction was stopped by extraction with phenol and chloroform, and precipitated with ethand. The vector was 
then resuspended in 20 pi TE. 

C. Ligation of fragment (a) into pJRI 

30 pJR36AandpJR36S 

Fragment (a) from (A) above was llgated to Smal cut pJRI (from (B) above) at 16"^ for 24 hours under 
standard conditions. The ligation mixture was used to transform competent TG2 cells which were then plated 
onto ampicaiin-containing plates. Transformed colonies wera grown up and used for plasmid DNA preparation. 
35 EcoRI/PstI double digests identified those clones containing fragment (a) inserts. The EcoRI - PsU inserts of 
these dones were isolated and subdoned into Ml 3 mp8 which had been cut with EcoRI and Pstl. Df4A se- 
quence analysis was carried out in order to ascertain the orientation of the insert (a). Clones ol»lained from 
this experiment were caDed pJR36A and pJR36S, according to the orientation of the insert 

D. Ligation of fragment (b) into pJRI 

40 

pJR56Aand pJR56S 

Fragment (b) from (A) at)ove was llgated to Smal cut pJRI, from (B) above, at ^&*C for 24 hours under 
standard conditions. The ligation mbdure was used to transform conH>etent TQ2 cells which were then plated 
45 onto ampictllin containing plates. Transformed colonies were grown up and used for plasmid DNA preparation. 
EcoRI/pstl double digests identified those dones containing fragment (b) inserts. The EcoRI - Pstl inserts of 
these dones were Isolated and subdoned into M13 mp8 which had been cut with EcoRI and Pad. DNA se- 
quence analysis was carried out In order to ascertain the orientation of the insert (b). Clones obtained from 
this experiment were called pJR56A and pJR56S, according to the orientation of the insert 

50 

EXAMPLE 15 

Transfer of pJR36A^ and pJR56A/S to Bin19 

ss A. Preparation of expression cassettes containing fragments (a) and (b) in pJRI 

5 pg each of pJR36A, pJR36S. pJR5GA and pJR56S were cut separately with EcoRI and Hindlll at 37<t: 
for 2 houre under standard conditions. The resulting four fre^ments containing (a) 930 bp and (b) 1 000 bp were 
isolated separately after electrophoresis on agarose gels by electroelutton. The fragments were extracted with 
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phenol and chlorofbrm, and precipitated with ethand. The four fragnients were then resuspended In 1 0 pi TE. 

B. Preparation of Bin19 

Bin19 was cut with EcoRI and Hindlll for 2 hours at 37^0 under standard conditions. The reaction was 
stopped by addition of phenol and chloroform. After extraction the DMA was precipitated with ethanol, and re- 
5 suspended in 20 pi TE. 

C. Ligation of the fragments to Bln1 9 

The four EcoRI - Hindlll fragments isolated in A were set up for separate ligation reactions using Bin19 
prepared as descrit)ed In B under standaid conditions. TTie ligation mixtures were used to transform competent 
TG2 cells which were plated onto L agar containing kanamycin and Xgal. After incubatbn overnight, reconrv 
10 l>inant colonies were identified by their white odour. A number of the dones were picked from each separate 
ligatkHi and were used to prepare DNA The DMAs were analysed for the presence of a EcoRI - Hindlll fragment 
of the appropriate size for the insertton of the expresston cassettes to Bin19. 

EXAMPLE 16 

15 

Construdton of pJR46A. pJR46S (fragment a) and pJR66A, pJR66S (fragment b) 
A. Preparation of pJR2 

1 pg pJR2 (from Experiment 14) was cut with Hindi at ZVC for 2 houre under stendard oondittons. The 
20 readton was terminated by extradfon ¥vith phend and chloroform. The vector was predpiteted with ethand, 
washed and resuspended in 20 pi TE. 

pJR46AandpJR46S 

25 B. Ligatfon of PG fragment (a) to pJR2 

Fragment (a) from Example 1 4(A) above was ligated to Hindi cut pJR2 from (A) above at 1 for 24 hours 
under stendard condittons. The ligatton mixture was used to transforrn competent TG2 cells which were then 
plated onto ampiclllin conteining plates. Transformante were pteked. grown up and used to prepare plasmkj 
DNA RasmM DNA was cut with both EcoRI and Psti. DNA from dones which contelned inserte were restricted 

30 with EcoRI and Psd. The EcoRI - Psti inserts were tedated after agarose gel electrophoresis by electroelutlon 
and subdoned into M13mp8 which had been cut with EcoRI and Psti. DNA sequence analysis was used to 
ascertein the orientetfon of the inserte (a), aones were obtained firom this experiment were called pJR46A 
and pJR46S, according to the orientatton of the insert 

35 pJR66AandpJR66S 

C. Ligatfon of PG fragment (b) to pJf^ 

Fragment (b) from Example 14(A) was ligated to Hindi cut, from Aabove, separately at lO't) for 24 houre 
under standard condltfons. The llgatfon mbdure was used to transform comptent TG2 cdls which were then 

40 plated onto ampicfllin containing plates. Tran^brmante were picked, grown up and used to prepare plasmki 
DNA RasmkI DNA was cut with both EcoRI and Psti. DNAtirom dones which contained inserte were restricted 
with EcofU and Psti. The EcoRI - Psti inserte ware isdated after agarose gel dedrophoresis by eledrodution 
and subdoned into M13 mp8 whk:h had been cut with EcoRI and Psti. DNA sequence analysis was used to 
ascertein the orientation of the Inserte (b). aones were obteined from this experiment were called pJR66A 

45 and pJR66S, according to the orientatfon of the insert 

EXAMPLE 17 

Transfer of pJR46A, pJR46S, pJR66A and pJR66S to Bin19 

so 

A. Preparatk)n of expression cassettes containing fragmente (a) and (b) In pJR2 

5 g of each of pJR46A, pJR46S, pJR66Aand pJR66S were cut separately with EooRI and Hindlll at 37^ 
for 2 houre under standard condittons. Ttie resulting four fragmente of approximately 2.5 kb were isdated sep- 
aratdy after gd dedrophoresis by dedroelutton. The fragmente were extracted with phend and chloroform, 
55 and predpitated with ethand. The four fragmente were then resuspended in 10 pi TE. 

B. Ligation of expression cassettes into Bin19 

Alk|uote containing the four fragmente from (A) were ligated to Bin19 DNA prepared as described in Ex- 
ample 1 5 (B) in separate Ifgatton reactfons under standard conditk>n& The llgatfon rruxtures were used to trans- 
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form competent TG2 oeHs. The transformation mixture was plated onto L-agar plates containing kanamycin 
and Xgal. After overnight incut)ation recombinant colonies were identified by their white colour. A number of 
dones for the separate experiments were picked and DNA was prepared. The DNAs were analysed for the 
presence of the appropriate EcoFU - Hindlll fragments. 

5 

EXAMPLE 18 

Construction of PG vectore pJR76A and pJR76S 

10 A. Isolatton of fragment (c) 

10 ug gTOM 23 (a genomic done containing the PG gene, NCIB Ho 12373) was cut with Hindlll and BamHI. 
The 1.98 Kb fragment was isolated after agarose gel electrophoresis by electroelutton. The cohesive ends of 
the fragment were f iDed In with Ti DNA pdymerase. 
B. Ligatkin of fragment (c) to pJRI 

15 The products from (A) above and Example 14 (B) (ie. pJRI cut with Smal) were tigated at 16 C for 24 hours 
under standard conditbns and the mixture used to transform competent T62 cells which were then plated onto 
plates containing amplcOlin. Transformed colonies were grown up and used to prepare plasmid DNA. The DNA 
was cut with EcoRI and the orientatton of the Insert determined from the pattern of fragments obtained. The 
dones were called pJR76A and PJR76S according to the orientation of the insert 

20 

EXAMPLE 19 

Transfer of vectore pJR76Aand pJR76S to Bin19 

25 A. Preparation of expresston cassettes from pJR76A and pJR76S 

5 ug of each done was cut with Hindlll at 37®C for 2 hours under standard condittons. The enzynr>e was 
inactivated by heating the reaction mixture to 70^ for 15 minutes. EcoRl was then added in concentration 
necessary to give partial restaiction. The reactions were stopped by the additk>n of phenol and choroform. The 
required 2.71 Kb EcoRI - Hindlll fragments were isolated after agarose gel electrophoresis by electroelutton. 
30 The fragments were extracted with phenol and chloroform and predpitated with ethand. The fragments were 
then resuspended In 10 ul TE. 

B. Ligation of the expresston cassettes to Bin19. 

The two fragments from vectors pJR76A and pJR76S prepared in (A) were ligated separately to Bini 9 (pre- 
pared as described in Example 11 B). The llgatkHi mixture was used to transform competent TG2 cells. The 
35 transformation mix was plated onto L plates containing kanamydn and Xgal . Recombinant plasmids were iden- 
tified by their white odour. DNA was prepared from a number of these and analysed for the presence of the 
required EcoRI - Hindlll fragments. 

EXAMPLE 20 

40 

Construction of PG vectore pJR86A and pJR86S 
A. Ligation of PG finagment (c) to pJR2 

The products of Example 18 (A) (fragment c) and Example 16 (A) (ie pJR2 cut with Hindi) were ligated at 
45 18^C for 24 hours under standard conditions and the mixture used to transform competent TG2 cells which 
were then plated on plates containing ampidliin. Transformed cdonies were grown up and used to prepare 
plasmid DNA. The orientation of the Insert was deduced using the EcoRI restriction pattern. These dones 
were called pJR88Aand pJR86S, according to the orientation of the inserL 

50 EXAMPLE 21 

Transfier of vectore pJR86A and pJR86S Into Bin19. 

This Example was carried out essentially as de»:ribed in Example 1 9. ie. the vectore were cut with Hindlll 
55 under conditions of partial restriction, which was then followed by restriction with EcoRI. The resulting 3.63 
Kb fragment was isolated and doned into Bini 9. 

All constructs in Bini 9 were intended for use in separate triparental nr>ating experiments to allow transfer 
to Agrobacterium. and firom there to tomato plants. 
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INHiemON OF PECTIN ESTERASE 



10 



In addition to polygatacturonase, pectin esterase (PE) has been implk:ated in softening of the tomato fruit 
Aripe tonnato fruit cDNAIit)rary was screened with mixed oligonucleotide probes designed from the put>lished 
amino acid sequence of PE One done, pPEI, (NQB Accession No 12568) has been Isolated and character- 
ised. Rgure 3 shows the complete sequence of this cDNA done.The deduced amino acid sequence of PE is 
substantially different from the sequence published by Markovic and Jornvall. 40 amino add differences are 
found in the sequence of the mature PE protein; major rearrangements in the continuity of the published amino 
add sequence are evident and an additional 11 amino acids are found in the protein presented here. In addition 
to the sequences of the mature PE, both N-termlnal and C-terminal amino add extensions are detected in the 
pdypeptide encoded by pPEI. 

We have used fragnents of the cDNA to oonsfruct antisense and sense vectors. These are summarised 
in Table 2. 



15 



Table 2 



20 



25 



30 



I Vectors 
I based on 
I 



IpJRl 

I 

I 

|pJR2 
I 



Name of anti- 
sense vector 



pJRlOlA 
pJRlllA 

PJR102A 
PJRI12A 



Name of | Fragment 
sense | 

vector I 



I 

I 

pJRlOIS I 420 bp Pstll 
pJRlllS I 351 bp Bbvll 

i I 
PJR102S i 420 bp Pstll 
PJR112S I 351 bp Bbvli 

I I 



CONSTRUCTION OF ANTISENSE PE VECTORS 



EXAMPLE 30 



40 Preparation of pJR101A and pJRIOIS 

A. isolation of a 420 bp fragment from pPE1 

Plasmid pPEI was cut with Pstt at Zl'^C for 2 houra under standard conditions. The 420 bp PsU fragment 
was Isolated after agarose gel electrophoresis by electroelution, extracted with phenol and chloroform and pre- 
45 dpitated with ethanol. The DNA was then resuspended in 10 (il TE. 

B. Preparation of pJRI 

pJR1 (from Experiment 11) was cut with PstI at 37**C for 2 hours under standard conditions. The reaction 
was stopped by the addition of phenol, precipitated with ethanol and resuspended in 20 pi TE. 

C. Ligation of PE fragment to pJR1 

50 The products of steps (A) and (B) above were ligated under standard conditions and the ligation mixture 
was used to transform competent TG2 cells. The transformation mix was subsequently plated onto ampidilin 
containing plates and incubated at 37^ overnight Transformed cdonies were grown up and used to prepare 
plasmid DNA Clones were identif »d which gave 420bp fragment on digestion with Pstl. The 650 bp BamHI - 
Hindlll fragments from these dones were isolated after agarose gel electrophoresis by elecfroeiutbn and 

55 doned Into M1 3mp8. The orientation of the Pstl insert was determined by sequence analysis. Qones identified 
were named pJRIOIA and pJRIOIS according to the orientation of the insert 
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EXAMPLE 31 

Transfer of vector pJR101Aand pJRIOIS to Bin19 

6 A. Isolation of a 1.2 Kb EcoRI - Hindlll fragment 

Plasmids pJR101 A and pJRIOIS were cut separately wfth EcoRI and Hindlll at 37^C for 2 hours under 
standard conditions. The resulting 1 .2 Kb fragn^ents were isolated after gel electrophoresis firom agarose gels 
tiy eledroelutlon. The DNA was then extracted with phenol and chloroform, predpitated with ethanol, and re- 
suspended in 20 ul TE. 
10 B. Preparation of Bin19 

Bin19 was cut with EooRI and Hindlll for 2 houre at 37**C under standard conditions. The enzymes were 
removed by phenol exbradbn and the vector predpltaled with ethanol. The DNA was then resuspended in 
water. 

C. Ligation of the PE expression cassette to BinlQ 
15 Aliquots of the products of reactions A and B were ligated for 16 houre at 16*C under standard conditions. 
The ligation mbc was used to transform competent TG2 cells. The transformation mbc was plated onto plates 
containing kanamydn. DNA was picked from indivklual dones and analysed for the presence of the 1.2 Kb 
EcoRI - Hindlll fragment 

20 EXAMPLE 32 

Constructton of vectore pJR1Q2A and pJRI Q2S 

The construction of these vectore followed the constructton of pJRIOIAand pJRIOIS (Example 30), ex- 
25 cept that the 420 bp Pstl PE fragment was inserted into pJR2 (from Experiment 14). 

EXAMPLE 33 

Transfer of vectore pJR102Aand pJR102S to Bin19 

30 

Transfer of the PE expressk>n cassettes was carried out as described in Example 31 for the transfer of 
PJR102A and PJR102S into Bin19. 

EXAMPLE 34 

35 

Construction of vectore pJRIHAand pJRIUS 

A. Isolatkm of a 351 bp fragment from pPEI. 

Plasmki pPEI was cut with Bbvl at 37*^ for 2 houre under standard conditfons and the cohesive ends 
40 filed using T4 polymerase. The 351 bp fragment was isolated after agarose gel electrophoresis by eledroe- 
lutton, extracted with phend and chloroform and precipitated with ethand. It was then resuspended In 10 ul 
TE. 

B. Preparatfon of pJRI 

1 ug pJRI (from Experiment 11) was cut with Smal for 2 houre at 37**C under stendard oonditfons. The 
45 read»n was terminated by the addition of phend and chlordbrra After extractfon the DNA was precipitated 
with ethand, and resuspended in 10 ul TE. 

C. Ugatfon of the PE firagntent to pJRI 

The products of (A) and (B) were ligated at le^'C for 24 houre under standard conditions. The ligation mix 
was used to transform competent E.cdi TG2 cdls. The transformatton mix was plated onto ampicillin-contein- 
so ing plates. Single colonies were grown up and analysed for the presence of a 900bp EcoRI - Pstl fragment 
This fragment was isolated by dectrodution after agarose gel dectrophoresls and doned into Ml 3 mp8 (conv 
merddly avalable vector). The orientatfon of the fragnnent was determined by DNA sequence anaylsis. 

EXAMPLE 35 

55 

Transfer of vectore pJRIIIAand pJRIIIS to Bin 19 



A. Isdatton of the 1.1Kb EcoRI - Hindlll fragment 
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Plasmids pJRIIIA and pJRIIIS were cut wfth EcoR1 and Hindlll at 37*>C for 2 hours under standard con- 
ditions. The 1 .1 Kb firagnmnt was isoteted after agarose gel electrophoresis by electroelution . It was extracted 
with phenol and chlorfbm\ predpitated with ethanol and resuspended in 20 ^ITE. 

B. Ugation of the RE expression cassettes into Bin19. 
5 Aliquotsofthe products of (A) and Example 31 (B) were ligated at lO^'C for 24 hours. The ligation mixtures 
were used to transform competent E.coli TG2 cells. The transformation mix was plated onto plates containing 
kanamyctn. Single colonies were used for DMA extraction and clones identified by the presence of the 1.1 Kb 
EooRI - Hindlll fragment 

10 EXAMPLE 36 

Constructbn of vectors pJR112Aand |xJR112S 

Construction of these vectors followed the procedure in Example 34 for the construction of vectors 
15 pJRI1 1 Aand pJRIIIS except that the 351 bp BM firagment was inserted into pJR2from Experiment 14, rather 
than pJRI. 

EXAMPLE 37 

20 Transfer of vectors pJR112Aand pJR112S to Bin19 

Transfer of the PE expression cassettes from pJR112Aand pJR112S into Bin19 followed the protocol de- 
scribed in Example 35. 

25 EXAMPLE 40 

TRANSFORMATION OF TOMATO STEM EXPLANTS 

A. Transfer of Bin19 vectors to Agrobacterium 
30 The recombinant vectors prepared in Example 11 were mobilised from E.coli (T6-2) to Agrobacterium tu- 
mefaciens (LBA4404) (Hoekma A. Hirsch PR.Hooykaas PJJ and Schilperoort RA, 1983, Nature 303 pp179- 
180) in a triparental mating on L>plates with E.coli (HB101) harbouring pRK2013 (Ditta G. et at, 1980 PNAS, 
USA, Vol 77, pp7347-7351) Transconjugants were selected on minimal medium containing kanamycin 
(50ug/cm^ and streptomycin (500ug/cnf)^. 
35 B. Preparation of Agrobacteria for transfformatton 

L-Broth (5cm^ containing Icanamydn at SOug/crh^ was inoculated wit h a single bacterial colony. The culture 
was grown overnight at 30®C with shaking at 150 r.p.m. This culture (SOOul) was inoculated into L-Broth con- 
taining kanamycin (50ug/cni^ and grown as before,. Inunediately before use the Agrobacteria were pelleted 
by spinning at 3000 r.p.m. for 5 minutes and resuspended in an equal volume of lk|uid Murashige and Skoog 
40 (MS) nrtedium. 

0. Preparatton of plant tissue for transformatton 

Feeder plates were prepared In 9cm diameter petri dishes as follows. Solid MS medium supplemented with 
5 uM zeatin riboside and 3 uM lAA aspartic ackl was overlaid with Nicotiana tabacum var Samsun suspenston 
culture (Icm^. One 9cm and one 7Gm filter paper discs were placed on the surface. Hypocotyls from 4 week 
45 old seedlings grown on MS medium were excised and placed on feeder plates. The plates were sealed with 
Nescof ilm and incubated overnight in the plant growth room (26"^) under bright fluorescent light). 

D. Transformatkm Protocol 

Hypocotyls from the feeder plates were placed in the Agrobacteria suspension in 12cm diameter petri 
dishes and cut into approximately 1 cm lengths, renmving all leaf and cotelydon axes. After 20 minutes the hy- 
so poootyl segments were returned to the feeder plates which were sealed and replaced in the growth room. After 
48 houre incubatfon in the growth room the plant material was transferred to MS medium supplemented with 
5 uM zeatin riboskie, 3 uM lAA aspartic acM, 500 ug/cm* carbentollin and 50 ug/cm* kanamycin in petri dishes. 
The petri dishes were sealed and retorned to the growth room. 

From six weeks after inoculatton with Agrobacterium. shoote were removed from the explante and placed 
55 on MS medium supplemented with carbenidllin (200ug/an^ for rooting. Transformed plants rooted 1-2 weeks 
after transfer. 

These plants were then grown in tissue culture for a number of weeks before being transferred to pots. 
These plants were then grown in growth rooms or greenhouses as appropriate. 
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EXPERIMENT 40 

ANALYSIS OF TRANSFORMED PLANTS PRODUCED IN EXAMPLE 40 

5 A. Analysis of leaves for the pioduction of antisense RNA 

RNA was extracted firom leaves following published procedures. RNA was pnbed for the presence of an- 
tisense RNA by dot hyt>r1disation using either sense or antisense specific probes. The results were considered 
to demonstrate the presence of antisense RNA in leaves from plants containing antisense constructs. 
B. Southern analysis of transfbrmed plants. 
10 DNA was extracted from leaves of transformed plants. DNA was cut with various restriction enzymes, sepa- 
rated on agarose genes and transferred to nylon membranes. DNA was probed with appropriate labelled DNA 
fragments for the presence of the antisense and sense constructs. At the time of writing results are not to hand 
but a Southern blot has been obtained indicating that DNA from the construct JR16S has been incorporated 
into the genonw of a tomato plant 
15 C. Analysis of antisense RNA production in tomato fruit 

It is currently intended to extract RNA at different stages of ripening from transfbrmed tomato firuitfbllowing 
published procedures. RNA will be probed with specific DNA probes for the production of antisense RNA 
D. Effect of antisense RNA production of fruit softening 

Experiments are also planned to demonstrate how the presence of antisense RNAaffsds the process of 
20 fruit ripening. 



Claims 

25 1. Recombinant DNA comprising an upstream promoter base sequence, a base sequence for transcription 
in the mRNA under control of said upstream promoter t>ase sequence, and a downstream transcription 
terminator base sequence, characterised in that the base sequence for transcription comprises an invert- 
ed sequence of bases complementary to a sut)stantlal run of bases in mRNAs encoding fruit softening 
ercQfmes. 

30 

2. DNA as claimed in daim 1 in which the fruit softening enzyme is polygalacturonase or pectin esterase. 

3. DNA as claimed in daim 2 in which the base sequence for transcription is at least 50 bases in length. 

^ 4. DNA as daimed in either of daims 2 or 3 in which the base sequence for transcription comprises a se- 
quence of bases complementary to a part of the sequence set forth in Figure 1 . 

5. DNA as daimed In any of dakns 2 to 4 In which the base sequence for transcription cornprises a base 
sequence complementary to the sequence of bases set forth In Figure 1 from 2 to 730. 

^ 6b DNA as claimed in any of daims 2 to 4 in which the base sequence for transcription comprises a base 
sequence complementary to the sequence of bases set forth in Figure 1 from 2 to 197. 

7. DNAas dabned in any of daims 2 to 6 in which the upstream promoter sequence is a constitutive promoter 
suchasCaMV35S. 

45 

8. DNA as daimed in any of daims 2 to 6 In which the promoter is the P6 gene promoter. 

9. A vector containing DNA as daimed in any of daims 1 to 8. 
^ 10. Plant cells containing DNA as daimed in any of daims 1 to 8. 

11. Dicotyledonous plants composed of cells claimed in daim 10. 

1Z Plants as claimed in daim 11 which are tomato plants. 

55 
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EIGURE I 

II V 1 0 I I S 1 I II I I I f h % 8 I S T C I S 

IMCTTTTTMTAfilCMOTTAMMKttTACOirAr^ 

tOaa48SDtt7B«1ltfiU8Ui 



■ vrOOMLFIOVTOIIILEOCfAHOFQ* T I t T I SINl(8ilN 
UD 148 ISO Ufl 171 180 in a ai 220 a 219 

10KV0Ki81XVllVLSF6AK80CCTT8NI8FE8*UiEAC8 

mTTGKMEn»rMiUMT8nmMCT»nMm^ 

2SB2U|na2n38B3Uaa3IB3B3IO 



S8TPV8FVVFKIKNTLLX8ITFS6FCI 8 8 18 V K I F 6 S L E A 

aaaioo4i8 42oaM8auB4iBW 



SSKlSDYK0BlltflAF0SV0NlVV8666TlN6N88VUUFS 

48Da5ioaasio»S4oa»muo 



SCKINKSLPCROAPTALTFUNCINLKViJLKSKNAQOtKI 
6ncnCDyyMTAMtAMTCICTGC»180IE»TGD^^ 

410420a44D460U0 47Daima718a. 

KFESCTNVVASNLHlNASAKSPKTOfiVHVSMTOYIOlSOT 
TCmTHMTCATaKTMICTTETAOnDIM 

a74oaa7»a7ionaaa8io 



I16T6DDClSIVS6S0NVQATNtTC6P8H61SI8SLES6ll 
aAmTTGGMCWTGffGATIErAnTCMT^^ 

«8&DmMma9iAaafi8afu 



SEAtVSIVTVNEACl 16AEN6V8IKTII8E6S88ASN1KFL 
ATKMEMGCnAISISTCTMISniinsrMMTfil^^ 

m m minuttsiozDUQDiottiaioiBionia 

RVEHOOVKTPIIIDONTCOSVEFCiaQFSAVOVKIIVVTEN 
18MT6»kM1SMGIISnMCTAmai^^ 

im tw 1118 1120 la luo la la ui8 la la la 

IK8T$ATKVAIKFDC5TIIFPCE611IIEM1ILV6E56KPSE 
ATAICA«BG»CM6I8CAACMIIEC^^ 

mo i22oiai2ioia 1260 1270 laiaiaiaazo 

ATCKNVHFNNAEHVTPHCTSLElSEOEALlTiYI 
AGECTACEnayuyMTCTCCMTmMCMIGnG^ 

iai3ioi»iaiaiai}foiai4uii42oiai44o 

TCAATATATJCOkGITATGATATATQkCMTAlU^ 

la 1448 U10 1400 un la isto la ta 1S40 la »o 



CKMAMTTTGICG4TTET/CT7mMTCT4CM^ 

tsTo la la uoo uio la ua 
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Fig. 3 DNA sequence of pPEI 



1020304BSDa708B90mU0 228 

II I 11 B T M tP CLIStA&VALA H I A S 

TGCTrAClMCG(C6nM6recnmT^^ 

130 140 ISO 160 170 180 190 200 210 220 230 29 
VTTPNDEVLRP6L6RnPSUtfSSRDRRLneSS6K»I6ANAV 
CTCTSftaACTCCftftATBff^^ 

230 20270 280 290 300 310 320 330 340 3S0 36B 
VAKOOTSKrOTlAEAVAAAPDKSKTKYVIYVKRfiTYREKM 

3ra380 390400 410 420 <30M 4904C8<70480 
EVSSRKNNtni I606NYATI IT6SL N V V 0 6 S T T F H S A T I 

«05DOaOS20 330 340 559 S60S70 980 990at 
AV6K6FILQDICIQNTA6PARHQAVALftV6A0RSVINRCR 
CTIg(CTBeDfWA»TTOTAnMM^^ 

ao 620 S30 640 650 660 670 680 6S0 700 710 720 
IDAYQ0TLYAHSQRQFYQSSYVT6TIDFIF6NAAVVFQRC 
6TATC»T6OTAT0fMG(ffimmAT6Q^^ 

730 740 7S0 760 770 780 798 000tt0 820 830 0« 
QLVARRP6KYQQNHV1AQ8RTDPNQAT$TSIQFCDI lASP 
SCO>fiCOTA6CrA6fyWtt6g6ri(W<^ ^ 

890860870880890900 310 920 930 940 990 960 
0tKPVVKEFPYYL6RPNRKY5RTVVnESSL66LI0PS6UA 

970 980 990 1000 1010 1020 1030 1040 lOSO 1060 1070 I08D 
EUH60rAlKTLYY6ErHNN6P6A6TSRRVRHP6YHVITDP 

CreA6TE6CACS8^TTTTSCSR^VV^a^TT^^ 

1D90 U(K) 1110 1120 U30 1140 1150 llO 1170 1180 1190 1200 
AEAHSrTVARLIQ86SHLR5T0VAYVDaLYDYSDIRLLFV 
CCGa&¥«aATS7CAnCACr6TGSCTMfiCmTTD)^^ 

1210 12201230124012SO126O127012801290 1300 1310 1321 
Y V T R H I * 

1330 1340 1350 1380 1370 1380 1390 1400 1410 1420 1430 1441 

GTSKMOCAmAC^TGeaomGOTACTACTMrCSroM^ 

1450 1460 1470 1480 1490 1500 1510 1S20 1S30 1S40 1» 1560 

CnT^WTCr^nATASTnTCre^W^^TATSICr^^TATTA bbi 1 1 iUimibl nA T66TT6rB68ErofirosmmTA<¥W^^^ 

1S7D 1580 1S90 1600 IQO 1620 1630 IMO 1650 1660 1670 1680 
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